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Summary
The present study was designed to find factor which improves orchard light environment. Using a new technique, 
diversiform canopy models of 528 sum total were constructed which were divided into 29 types of canopies as 
prototypes. For each canopy, simulation experiment of orchard light environment of apple ‘ Fuji ’ in the end of July was 
carried out using OLEAS (Yamamoto, 1999). In comparison with the previous report (Yamamoto, 2015), a large degree 
of freedom in the canopy shape was shown. The maximum value of the daily mean leaf PPFD on a clear day 
(CDMPPFD) became larger than the previous report and the fluctuating range was wider. The maximum value of that 
on an overcast day (ODMPPFD) also became larger. The light environment of the north and south combination type, 
the trellis type and the regularly-interval scattering type were excellent among the 29 types. The mean CDMPPFD of 
the CACOAS origin type was the smallest. The orders of light environment were thought to be close for the 3- 
dimensional structures of foliage distributions in the canopies notwithstanding the same quantity of leaves per canopy. 
In the 528 canopies, high correlations were recognized between the CDMPPFDs or the ODMPPFDs and the several 
characteristics of canopy shape. The orders of the light environments found in the experiments were almost 
established in another case when distribution of leaf density, level of leaf density, grid size or fruit tree species was 
changed, respectively.
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Fig. 1   One example of solid model of canopy shape as prototype per type. The alphabets and the numerals indicate 
the type and the kind of canopy shape, respectively. The view angle and the set space were shown at a lower 
part in the right.
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Fig. 2   Cross sections of foliage (CSFs). 






































































Fig. 4   Cross sections of trellis (CSTs).
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Fig. 5   Several solid models in R, U and M types of canopy shape as prototype. The alphabet and the numeral indicate the type and the kind of 
canopy shape, respectively. The four parts in the set land compartment of the R type and the two parts of the U type were shown at the 














































































































































Fig. 6   Explanatory drawings of treatments for adjusting the number 
of leaf blocks. Upper: being empty (t). Middle: deleting leaf 
blocks using random number (z). Lower: adding leaf blocks 
on a trellis using random number (w). Left: solid models after 
the treatments. Right: projected plans of numbers of leaves in 

























　リンゴ ‘ふじ’ の代わりにセイヨウナシ ‘ラ・フラン

































































































M SD CV MAX MIN PLD
CDMPPFD 378.8 35.0 9.2 480.4 267.6 56.2
ODMPPFD 157.8 9.2 5.8 184.3 123.1 38.8
CDMCV 66.1 6.7 10.2 91.8 49.4 64.1
ODMCV 63.4 4.7 7.5 95.2 50.2 71.0
PSLB (%) 84.8 8.7 10.2 100.0 48.1 61.2
TPVD (%) 41.5 19.5 46.9 86.4 0.0 208.2
LAIc 3.5 1.7 49.1 12.9 1.7 320.3
PNLES (%) 14.8 8.4 56.9 51.2 0.0 347.1
MCFVD (block) 1.5 0.8 57.0 10.1 1.0 615.1
MCTVD (cm) 118.1 57.8 48.9 285.7 28.3 217.9
MCT3D (cm) 150.7 38.9 25.8 317.3 92.7 149.0
TP3D (%) 50.3 8.4 16.6 77.8 31.1 92.8
LAO (m
2
) 9.4 3.2 33.8 16.0 2.2 147.1
Table 1   Maximum (MAX), minimum (MIN), mean (M), standard 
deviation (SD), coefficient of variation (CV,%) and proportion 
of the largest difference (PLD (=MAX-MIN) /M ×100%) of 
CDMPPFDs (μE・m-2・s-1 ), ODMPPFDs (μE・m-2・s-1 ), 
CDMCVs (%),  ODMCVs (%) and several characterristics of 
canopy shape in the 528 canopies.
Fig. 7   Relations between CDMPPFDs, ODMPPFDs, 



























































Fig. 8   The means and the ranges of CDMPPFDs (A), ODMPPFDs (B), 
CDMCVs (C) and ODMCVs (D) in each type of canopy shape. 
These types were arranged in descending order of the means in 
A and B, and were arranged in ascending order in C and D. 
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Jw 8 444.1 a
z
164.7 abcd 54.1 a 61.4 abc 86.5 abcd 2.0 a 33.5 a 45.9 abcd 14.4 a 13.2 abcd 13.2 abcd 10.0 a
Aw 29 428.7 a 163.2 abcd 57.2 ab 63.6 abc 92.0 ab 2.6 a 47.8 a 48.6 cd 14.3 a 7.9 ab 7.9 ab 10.6 a
Dz 5 408.0 ab 174.6 a 60.2 abc 58.4 a 62.0 e 5.4 cde 236.3 h 73.2 g 5.3 gh 37.9 e 37.9 e 66.4 gh
Gz 19 403.0 ab 167.1 ab 61.0 abc 60.4 a 82.8 cd 3.4 abc 160.0 fg 52.7 de 9.7 bcde 17.2 cd 17.2 cd 39.7 bcde
Uz 10 398.8 ab 158.6 cdefg 62.6 abcd63.0 abc 87.1 abcd 5.3 cde 170.4 fgh 56.4 def 6.2 fgh 12.7 abcd 12.7 abcd 58.1 fgh
Kz 17 395.5 b 165.2 abc 62.9 bcd 60.3 a 93.8 a 2.5 a 91.3 bcde 36.6 a 11.2 abc 6.1 a 6.1 a 30.1 abcd
Iz 15 393.9 b 161.7 abcde 63.1 bcd 61.9 abc 90.1 abc 2.4 a 76.7 abc 43.7 abc 12.0 ab 11.0 abcd 11.0 abcd 34.4 abcde
Mz 30 389.6 b 153.6 efg 64.2 cd 65.6 bc 83.5 cd 2.9 ab 59.0 ab 51.6 de 11.5 ab 15.9 cd 15.9 cd 28.2 abc
Hz 24 389.1 b 161.9 abcd 64.4 cd 62.5 abc 83.1 cd 3.2 ab 124.9 ef 50.7 cde 9.5 bcde 16.2 cd 16.2 cd 40.7 bcde
Oz 24 386.5 b 156.4 defg 65.7 cd 64.9 abc 87.8 abcd 2.5 a 85.1 abcd 46.9 bcd 11.2 abc 11.5 abcd 11.5 abcd 30.1 abcd
Ez 20 384.4 b 162.7 abcd 63.7 cd 60.9 ab 88.1 abcd 3.5 abc 117.4 cdef 49.4 cd 9.1 bcdef 11.8 abcd 11.8 abcd 43.3 def
Vz 24 381.9 b 160.1 bcdef 65.5 cd 63.0 abc 83.5 cd 3.3 abc 126.3 ef 51.1 cde 9.2 bcdef 15.9 cd 15.9 cd 42.6 def
Rz 17 381.4 b 164.2 abcd 64.1 cd 59.8 a 78.4 d 4.5 bcd 181.0 gh 61.8 fg 6.8 efgh 21.1 d 21.1 d 58.0 fgh
Sz 24 378.4 b 161.2 bcde 65.8 cd 61.3 ab 92.3 ab 3.0 ab 100.8 cde 41.3 ab 9.6 bcde 7.4 ab 7.4 ab 39.9 bcde
Nz 8 377.1 b 159.6 bcdefg 65.2 cd 60.8 ab 80.0 cd 3.2 abc 113.3 cdef 50.2 cde 9.2 bcdef 19.7 d 19.7 d 42.5 cdef
It 10 372.5 b 155.8 defg 68.0 cd 64.1 abc 88.7 abcd 2.7 ab 98.6 bcde 42.7 abc 11.4 abc 9.2 abc 9.2 abc 24.4 ab
Zz 24 371.1 b 158.5 b 67.5 cd 62.8 abc 85.9 abcd 3.9 abc 164.1 fg 49.7 cd 7.4 defg 13.7 abcd 13.7 abcd 53.7 efg
Tz 24 369.8 b 156.7 defg 67.8 cd 63.3 abc 85.0 bcd 3.1 ab 118.4 cdef 49.1 cd 9.0 cdef 14.8 bcd 14.8 bcd 43.4 def
Xz 24 368.8 b 153.5 efg 68.5 cd 65.4 abc 83.4 cd 3.1 ab 101.9 cde 50.2 cde 9.3 bcdef 16.0 cd 16.0 cd 41.9 cdef
Wz 24 367.2 b 157.5 cdefg 67.6 cd 62.4 abc 87.3 abcd 3.5 abc 124.0 def 47.7 bcd 8.4 cdefg 12.6 abcd 12.6 abcd 47.2 efg
Pz 9 366.4 b 152.8 efg 69.4 cd 66.3 bc 84.0 cd 3.5 abc 137.1 efg 48.9 cd 8.5 cdefg 15.0 bcd 15.0 bcd 46.6 defg
Yz 24 366.0 b 155.3 b 68.4 cd 63.6 abc 84.3 cd 3.2 abc 112.9 cde 49.9 cd 9.0 cdef 15.6 cd 15.6 cd 43.9 def
Bz 14 364.9 b 150.4 g 70.0 cd 67.2 bc 82.4 cd 2.8 ab 87.9 abcde 47.4 bcd 10.4 bc 18.0 cd 18.0 cd 34.8 bcde
Ct 12 364.0 b 153.0 efg 69.2 cd 64.4 abc 86.7 abcd 3.0 ab 103.4 cde 46.8 bcd 10.3 bcd 13.8 abcd 13.8 abcd 38.7 bcde
Bt 26 361.0 b 149.6 g 70.6 d 67.6 c 81.1 cd 2.8 ab 87.3 abcde 48.0 bcd 11.4 abc 17.0 cd 17.0 cd 34.8 bcde
Fz 24 360.6 b 157.4 cdefg 68.3 cd 62.1 abc 82.2 cd 5.8 de 204.4 h 58.4 ef 5.4 gh 17.4 cd 17.4 cd 66.1 gh
Cz 13 359.5 b 151.1 fg 70.3 cd 65.4 abc 85.7 abcd 3.0 ab 103.8 cde 48.1 bcd 9.8 bcde 12.8 abcd 12.8 abcd 37.2 bcde
Qz 24 356.7 b 158.7 cdefg 68.4 cd 60.8 ab 81.4 cd 6.8 e 220.2 h 60.9 f 4.8 h 18.2 d 18.2 d 70.2 h








-1 % % % cm cm m
2
block % %
z Different letters indicates significance at 5% level by Tukey's multiple range test.





















































































































171.9 abcd G02z 441.1 a 170.9 b C01t 409.9 a 169.4 a H55z 421.1 a 165.5 b
A31w 471.6 ab 164.1 cdefghi G04z 441.0 a 170.4 bc C02t 389.8 b 164.2 b H56z 413.1 b 166.7 a
A26w 469.7 ab 166.7 bcdefg G28z 437.9 b 173.3 a C05t 385.4 b 159.3 c H54z 411.3 b 164.2 cde
A05w 468.3 ab 165.3 bcdefgh G25z 414.6 c 168.8 de C07t 384.4 bc 163.7 b H47z 408.9 c 164.6 c
A27w 464.7 ab 167.9 abcdef G15z 414.5 c 169.5 cde C08t 379.3 cd 153.6 d H43z 408.6 c 163.8 def
A04w 463.2 ab 169.0 abcde G26z 414.2 c 168.7 e C11t 377.5 de 154.0 d H46z 406.9 c 164.6 cd
A29w 461.0 ab 164.6 bcdefghi G10z 405.0 d 165.6 g C06t 376.5 de 149.8 e H44z 406.9 c 164.5 cd
A06w 460.3 ab 159.2 efghij G03z 404.6 d 161.0 j C12t 374.9 de 147.6 e H20z 400.7 d 165.5 b
A32w 454.0 abc 174.3 abc G01z 404.3 d 162.3 i C03t0 373.2 e 157.2 c H42z 397.1 e 161.8 j
A24w 446.7 abcd 165.9 bcdefgh G12z 402.9 d 165.0 g C04t 358.0 f 153.3 d H45z 395.0 f 162.9 gh
A28w 446.6 abcd 161.9 defghi G11z 400.4 e 166.8 f C14t 333.7 g 145.4 f H26z 392.6 g 167.5 a
A16w 446.2 abcd 178.0 a G30z 398.0 f 168.8 e C13t 310.4 h 141.9 g H19z 390.5 h 163.7 ef
A02w 444.7 abcd 160.8 defghi G21z 393.1 g 169.8 cd C09t 298.5 i 138.8 h H34z 390.3 h 162.2 hij
A30w 440.8 abcd 171.1 abcd G22z 391.8 gh 169.8 cd Qz CDM ODM H18z 387.6 i 161.5 jk
A13w 439.4 abcde 165.5 bcdefgh G23z 390.5 h 158.6 k type PPFD PPFD H33z 385.3 j 162.6 ghi
A33w 433.7 bcdef 153.7 ijk G29z 385.9 i 165.8 g Q56z 411.2 a 166.3 a H25z 383.6 jk 162.0 ij
A25w 433.0 bcdef 155.4 hijk G05z 382.4 j 169.4 de Q20z 400.6 b 164.5 b H35z 382.5 k 163.2 fg
A17w 430.9 bcdef 157.7 fghijk G07z 368.6 k 165.4 g Q47z 400.4 b 165.1 b H24z 377.8 l 160.9 kl
A18w 429.7 bcdef 155.9 ghijk G27z 363.2 l 163.8 h Q44z 399.1 b 165.3 b H50z 377.8 l 164.9 bc
A07w 426.4 bcdefg 159.6 efghij Ez CDM ODM Q42z 381.8 c 164.7 b H49z 377.6 l 163.2 fg
A19w 426.2 bcdefg 168.0 abcdef type PPFD PPFD Q35z 380.7 c 162.4 c H48z 373.1 m 160.2 l
A34w 412.1 cdefg 147.6 k E11z 424.1 a 166.6 a Q26z 374.4 d 165.3 b H63z 349.9 n 150.9 m
A14w 403.0 defg 158.7 efghij E15z 413.5 b 165.1 b Q54z 371.8 de 160.9 de H65z 349.4 n 149.0 n
A15w 403.0 defg 175.4 ab E16z 410.4 b 164.9 bc Q45z 371.7 de 161.2 d H64z 348.1 n 149.7 n
A38w 394.9 efg 167.6 abcdef E09z 404.6 c 164.4 bcd Q50z 369.4 ef 162.4 c Mz CDM ODM
A08w 391.3 fg 171.7 abcd E02z 400.5 d 164.3 bcd Q19z 367.2 f 160.1 ef type PPFD PPFD
A36w 388.6 fg 149.4 jk E14z 399.4 d 164.0 cd Q18z 366.9 f 158.3 hi M01z 460.9 a 164.0 d
A35w 383.5 g 163.6 cdefghi E07z 399.3 d 157.5 h Q43z 361.3 g 158.0 hi M02z 456.7 b 164.1 d
A39w 323.0 h 173.1 abc E05z 398.4 d 158.7 g Q46z 360.8 g 159.6 fg M03z 443.6 c 176.0 a
A03w 295.0 h 146.7 k E04z 389.6 e 161.1 ef Q33z 355.2 h 159.9 f M36z 439.5 d 160.5 e
Bz CDM ODM E13z 388.2 e 164.1 bcd Q55z 346.5 i 158.7 gh M31z 438.0 de159.0 f
type PPFD PPFD E18z 382.3 f 164.0 cd Q48z 334.6 j 154.8 k M32z 436.4 e 157.0 gh
B02z 407.6 a 169.5 a E12z 381.8 f 163.9 cd Q49z 329.3 k 157.5 i M30z 435.4 e 163.8 d
B03z 404.7 a 163.8 b E17z 379.6 f 164.7 bcd Q24z 327.1 kl 155.9 j M33z 430.3 f 157.2 gh
B01z 391.9 b 163.8 b E01z 374.8 g 155.7 i Q34z 324.5 l 151.2 m M34z 430.3 f 153.7 j
B04z 377.1 c 158.0 c E06z 373.2 g 161.4 e Q65z 321.3 m 153.6 l M29z 425.8 g 155.7 i
B14z 376.6 cd 158.5 c E20z 366.0 h 163.7 d Q25z 315.6 n 154.1 kl M04z 417.5 h 166.3 c
B13z 376.1 cd 155.2 d E21z 363.8 h 163.9 cd Q63z 301.0 o 144.3 o M05z 414.4 hi 156.5 hi
B08z 371.5 d 153.9 d E03z 358.0 i 161.7 e Q64z 290.2 p 146.2 n M26z 412.1 i 148.0 m
B10z 355.5 e 150.5 e E22z 351.6 j 164.3 bcd Bt CDM ODM M37z 408.6 j 167.6 b
B12z 355.3 e 127.2 k E10z 335.5 k 160.1 f type PPFD PPFD M17z 395.6 k 160.5 e
B09z 355.1 e 147.9 f Iz CDM ODM B02t 407.5 a 170.0 a M28z 395.2 k 158.5 f
B11z 355.0 e 137.8 i type PPFD PPFD B03t 405.0 a 164.1 b M27z 394.2 k 154.2 j
B05z 343.8 f 143.5 g I01z 467.0 a 184.1 a B01t 386.1 b 158.3 c M24z 393.8 k 150.9 l
B06z 339.7 f 140.9 h I05z 436.5 b 169.9 c B13t 377.4 c 156.2 de M22z 388.5 l 151.1 l
B07z 295.3 g 134.8 j I03z 426.6 c 174.8 b B14t 376.8 c 159.0 c M09z 386.2 l 157.2 gh
Cz CDM ODM I04z 425.0 c 170.7 c B04t 376.5 c 157.9 cd M19z 378.9 m 151.3 kl
type PPFD PPFD I02z 422.5 c 166.8 d B08t 373.0 c 154.5 e M20z 377.5 m 152.0 k
C01z 409.7 a 169.4 a I15z 404.3 d 163.6 e B11t 355.9 d 138.0 j M18z 365.8 n 151.5 kl
C07z 387.5 b 163.1 b I14z 402.5 d 166.4 d B09t 353.7 d 147.5 g M25z 358.6 o 148.0 m
C05z 384.6 b 158.2 c I12z 385.1 e 157.8 f B10t 353.0 d 149.6 f M21z 358.1 o 157.4 g
C08z 379.3 c 153.9 d I10z 381.4 ef 158.0 f B12t 352.3 d 126.7 l M16z 328.3 p 148.1 m
C11z 378.1 cd 153.5 d I09z 380.9 ef 157.6 f B05t 343.1 e 143.4 h M15z 285.6 q 129.4 n
C06z 377.0 cde 149.8 e I06z 378.4 f 158.8 f B06t 337.6 e 140.5 i M08z 283.1 q 128.7 n
C03z 373.5 de 157.0 c I08z 360.6 g 150.9 g B07t 295.2 f 134.7 k M06z 271.3 r 122.9 o
C12z 372.3 e 147.4 f I11z 358.5 gh 150.6 g M07z 268.8 r 123.7 o
C04z 358.1 f 152.9 d I07z 355.9 h 150.9 g
C14z 330.1 g 145.1 g I13z 309.4 i 140.2 h
C13z 310.7 h 142.1 h
C10z 305.1 i 127.4 j
C09z 300.1 i 139.6 i
z 
Different letter indicates significance at 5% level by Turkey's multiple range test.






























































































































円 柱 面 状 の144度 間（W48z） な ど で 大 き か っ た．











































































167.9 a F18z 413.0 a 166.0 a T18z 400.8 a 161.2 c K01z 410.0 a 169.4 b
V56z 421.8 b 164.2 fg F48z 400.9 b 162.9 b T16z 387.1 b 161.1 c K02z 409.3 a 169.7 a
V18z 413.7 c 166.6 b F45z 397.2 c 161.0 c T24z 385.8 b 165.2 a K03z 409.2 a 169.3 b
V47z 413.3 c 163.9 g F13z 394.6 d 160.5 d T48z 382.7 c 158.1 f K09z 406.9 b 169.0 c
V55z 412.3 c 162.5 hi F15z 393.5 d 159.7 ef T45z 382.6 c 160.7 d K04z 405.9 c 164.7 g
V20z 411.6 c 165.6 cd F14z 385.5 e 159.1 g T33z 381.6 cd 155.6 j K08z 405.5 c 167.2 d
V46z 405.9 d 162.6 h F46z 379.7 f 161.2 c T13z 380.6 de 157.2 g K05z 404.0 d 165.8 e
V19z 401.7 e 164.7 def F16z 379.5 f 160.1 de T14z 379.4 ef 157.5 g K06z 403.9 d 165.2 f
V43z 399.8 e 161.7 ij F43z 378.6 f 159.2 fg T46z 379.4 ef 159.1 e K07z 400.6 e 165.7 e
V42z 393.4 f 160.3 k F51z 372.2 g 160.6 d T43z 378.6 f 159.1 e K14z 395.0 f 163.8 i
V44z 390.0 g 160.7 k F24z 368.7 h 163.2 b T15z 376.7 g 156.3 i K15z 394.5 f 164.4 h
V45z 388.8 g 165.9 bc F31z 368.4 h 157.5 h T51z 372.9 h 158.1 f K13z 391.9 g 167.2 d
V26z 385.6 h 165.3 cde F33z 363.5 i 154.3 m T44z 369.7 i 156.7 hi K11z 391.0 gh 164.4 h
V35z 382.2 i 164.6 efg F32z 358.8 j 156.8 ij T22z 369.4 ij 162.2 b K10z 390.7 h 164.3 h
V25z 379.6 j 162.9 h F47z 356.8 k 159.1 g T31z 368.8 ij 155.0 k K17z 377.5 i 158.9 l
V34z 375.1 k 162.4 hi F44z 353.1 l 157.2 hi T47z 368.2 j 156.4 hi K18z 365.2 j 159.5 k
V33z 365.0 l 160.9 jk F17z 351.9 l 160.0 e T17z 365.1 k 156.7 h K16z 361.4 k 160.4 j
V50z 362.9 l 157.5 l F49z 336.3 m 155.8 k T32z 363.0 l 155.0 k Oz CDM ODM
V49z 350.1 m 155.3 m F22z 330.5 n 156.7 j T49z 362.4 l 157.4 g type PPFD PPFD
V63z 342.7 n 147.4 o F12z 326.8 o 146.7 n T12z 358.4 m 149.4 m O25z 435.8 a 165.2 b
V64z 337.5 o 145.7 p F50z 324.6 p 155.3 l T50z 353.5 n 153.7 l O26z 430.4 b 167.5 a
V24z 336.8 o 158.3 l F23z 313.3 q 155.3 l T23z 353.2 n 159.2 e O37z 417.4 c 161.8 e
V48z 332.3 p 152.9 n F10z 311.0 r 144.2 o T10z 330.2 o 144.3 o O38z 416.2 c 162.9 d
V65z 329.5 q 142.9 q F11z 295.0 s 142.7 p T11z 326.4 p 145.4 n O01z 402.8 d 156.1 i
Xz CDM ODM Zz CDM ODM Wz CDM ODM O36z 399.2 e 160.4 f
type PPFD PPFD type PPFD PPFD type PPFD PPFD O24z 397.3 ef 164.0 c
X56z 407.3 a 159.2 cd Z18z 408.9 a 166.0 a W18z 408.1 a 164.3 b O23z 396.8 f 162.1 e
X55z 404.9 ab 157.1 f Z15z 395.8 b 161.6 f W16z 399.4 b 163.2 c O35z 396.4 f 159.3 g
X54z 402.9 b 160.6 b Z48z 392.3 c 163.0 d W48z 396.6 c 162.5 d O14z 395.5 f 159.0 g
X26z 399.5 c 165.1 a Z45z 391.8 c 162.6 de W16z 391.3 d 161.3 e O02z 391.2 g 154.7 j
X25z 390.0 d 158.8 d Z13z 391.4 c 160.6 h W45z 383.7 e 160.9 e O13z 390.8 g 160.2 f
X47z 386.9 e 155.9 g Z51z 387.7 d 161.4 fg W33z 383.1 e 156.5 i O47z 390.4 g 155.9 i
X46z 384.4 e 154.7 h Z16z 387.5 d 165.0 b W31z 379.8 f 159.6 f O11z 382.2 h 160.6 f
X43z 381.3 f 156.1 g Z14z 385.6 e 159.1 j W47z 379.5 f 159.0 g O48z 382.1 h 156.7 h
X44z 378.9 fg 154.2 h Z43z 384.2 ef 162.2 e W51z 379.1 f 158.9 g O32z 373.5 i 152.6 k
X42z 376.6 gh 157.5 ef Z46z 383.7 f 161.0 gh W17z 374.9 g 157.9 h O20z 372.4 i 152.6 k
X45z 374.6 hi 153.0 i Z17z 374.3 g 162.4 e W24z 371.4 h 165.9 a O19z 370.4 j 152.4 k
X35z 373.2 i 159.6 c Z24z 371.7 h 164.0 c W43z 369.2 i 158.0 h O31z 369.9 j 151.6 l
X20z 368.6 j 150.7 j Z33z 371.2 hi 155.6 m W32z 367.8 i 158.2 h O12z 366.4 k 149.6 mn
X18z 368.2 j 150.2 j Z31z 369.7 ij 157.4 k W11z 361.7 j 158.3 h O44z 361.2 l 150.1 m
X24z 366.3 jk 158.1 e Z47z 369.5 j 158.9 j W12z 361.1 j 155.5 j O43z 360.2 l 147.1 o
X33z 365.5 k 159.5 cd Z44z 368.3 jk 157.7 k W44z 355.7 k 154.6 k O07z 348.1 m 149.6 n
X34z 359.2 l 154.9 h Z32z 366.8 k 156.4 l W49z 354.8 k 153.5 l O08z 332.1 n 142.4 p
X19z 359.0 l 148.6 k Z49z 361.6 l 159.0 j W15z 352.7 l 148.3 o Rz CDM ODM
X49z 351.2 m 150.2 j Z12z 352.7 m 148.7 n W50z 349.8 m 155.7 j type PPFD PPFD
X50z 348.2 n 153.3 i Z50z 351.8 mn 156.4 l W22z 349.5 m 160.0 f R27z 426.1 a 172.9 a
X63z 329.3 o 142.3 m Z22z 350.6 n 160.0 i W13z 343.6 n 149.6 n R21z 415.2 b 169.0 bc
X48z 327.8 o 145.7 l Z23z 332.2 o 156.6 l W23z 341.9 o 158.9 g R22z 397.8 c 167.1 d
X65z 322.4 p 140.5 n Z11z 326.8 p 144.3 o W14z 341.7 o 148.5 o R09z 396.6 cd 165.8 e
X64z 320.4 p 137.8 o Z10z 325.6 p 143.4 p W10z 318.5 p 153.0 m R19z 394.2 d 169.3 b
Pz CDM ODM Nz CDM ODM It CDM ODM R28z 385.4 e 162.9 g
type PPFD PPFD type PPFD PPFD type PPFD PPFD R12z 385.3 e 163.2 g
P14z 404.6 a 166.0 a N07z 396.1 a 166.1 a I15t 406.3 a 164.5 b R10z 384.8 e 168.7 bc
P07z 390.7 b 156.4 b N12z 380.5 b 160.8 c I14t 403.3 a 166.9 a R18z 383.7 ef 158.5 j
P18t 363.6 c 148.1 f N08z 379.4 b 158.6 e I12t 386.4 b 158.1 cd R15z 381.9 f 168.2 c
P17z 363.4 c 150.3 d N19z 377.8 c 156.7 g I09t 381.9 b 158.2 cd R24z 375.6 g 161.3 h
P01z 361.8 c 153.1 c N13z 375.4 d 162.2 b I10t 381.7 b 157.2 d R17z 372.4 h 166.7 de
P13z 359.5 d 153.3 c N01z 372.0 e 156.1 h I06t 380.8 b 159.4 c R20z 371.6 h 161.6 h
P04z 354.1 e 150.3 d N18z 368.6 f 159.0 d I11t 360.1 c 151.0 e R25z 364.1 i 160.0 i
P08z 352.4 e 148.6 e N04z 365.3 g 157.2 f I08t 359.1 c 150.8 e R23z 354.1 j 156.2 k
P12z 345.2 f 148.9 e I07t 357.9 c 151.9 e R26z 351.1 k 154.7 l
I13t 308.7 d 139.9 f R11z 343.7 l 164.2 f
z 
Different letter indicates significance at 5% level by Turkey's multiple range test.
Table 4 Comparisons of CDMPPFDs and ODMPPFDs in several types of canopy shape. n=5.
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162.3 a S44z 394.1 a 165.4 bc L01z 335.9 a 136.6 c U20z 427.8 a 161.6 ab
Y48z 388.4 b 159.6 c S43z 393.8 a 164.6 d L11z 328.3 b 146.2 a U19z 411.8 b 160.9 bc
Y16z 386.7 c 161.1 b S18z 391.0 b 161.4 g L02z 322.0 c 135.1 d U16z 409.4 bc 159.7 d
Y24z 382.4 d 162.6 a S56z 390.9 b 162.8 ef L04z 319.8 cd 136.3 c U18z 407.2 c 154.6 f
Y15z 379.0 e 154.8 f S54z 389.6 bc 163.2 ef L12z 318.6 d 141.4 b U15z 402.2 d 160.2 cd
Y17z 374.7 f 159.7 c S50z 388.8 cd 164.7 d L14z 314.8 e 135.5 d U30z 401.4 d 162.3 a
Y31z 372.4 g 152.8 hi S49z 388.2 cde 165.6 b L03z 309.6 f 132.8 e U12z 395.5 e 159.3 d
Y14z 372.2 g 152.9 hi S19z 388.2 cde 160.9 gh L13z 303.6 g 131.5 g U22z 393.0 e 158.3 e
Y46z 370.8 g 155.2 ef S47z 387.1 def 160.9 gh L10z 303.5 g 131.2 g U17z 385.1 f 158.2 e
Y12z 369.2 h 160.8 b S46z 386.9 ef 162.7 ef L07z 302.3 g 129.7 h U21z 346.5 g 149.2 g
Y51z 368.4 hi 150.3 m S33z 385.9 fg 166.3 a L05z 302.3 g 132.2 f Dz CDM ODM
Y45z 367.9 hi 155.7 e S42z 385.3 fgh 163.0 ef L09z 298.6 h 132.9 e type PPFD PPFD
Y33z 367.2 i 154.1 g S20z 385.0 gh 160.3 h L15z 297.8 h 128.6 i D05z 440.8 a 173.6 b
Y13z 365.2 j 151.0 kl S55z 383.7 h 163.1 ef L08z 294.8 i 131.2 g D28z 402.0 b 172.9 cd
Y32z 364.9 jk 152.2 j S45z 380.9 i 163.4 e L06z 287.4 j 129.9 h D23z 400.8 bc 173.3 bc
Y11z 364.0 jk 159.0 d S35z 371.9 j 164.9 bcd Jw CDM ODM D10z 399.8 c 172.2 d
Y22z 363.4 k 160.7 b S48z 371.3 jk 160.6 h type PPFD PPFD D02z 395.3 d 180.5 a
Y47z 361.3 l 153.1 h S34z 369.6 k 164.3 d J03w 458.7 a 163.2 d
Y23z 356.7 m 159.0 d S24z 367.2 l 164.8 cd J06w 455.8 b 159.5 f
Y43z 353.4 n 152.6 ij S26z 364.1 m 162.6 f J05w 452.8 c 161.4 e
Y44z 351.6 o 151.2 kl S25z 362.0 n 162.9 ef J01w 451.7 c 164.4 c
Y49z 350.7 o 151.5 k S63z 354.1 o 146.7 i J02w 448.7 d 164.3 c
Y50z 329.3 p 145.3 n S64z 352.9 o 147.0 i J04w 448.5 d 161.9 e
Y10z 315.8 q 150.8 l S65z 347.6 p 145.7 j J08w 421.2 e 173.3 a
J07w 417.1 f 170.3 b
z
 Different letter indicates significance at 5% level by Turkey's multiple range test.











































































































































z 0.3863 *** -0.4037 *** -0.3756 ***
TPVD -0.7098 *** -0.2778 *** 0.5901 *** -0.0508
LAIc -0.5336 *** -0.1583 * 0.3869 *** -0.1528
PNLES -0.3244 *** -0.3530 *** 0.3735 *** 0.3432 ***
MCFVD -0.3206 *** -0.2294 *** 0.2498 *** 0.0480
MNLBA -0.3110 *** -0.2226 *** 0.2233 *** 0.0074
MCTVD -0.2976 *** 0.1345 * 0.1837 ** -0.2916 ***
MCT3D 0.2752 *** 0.4693 *** -0.3609 *** -0.3823 ***
TP3D -0.3817 *** -0.2669 *** 0.3459 *** 0.1654 *
LAO 0.6797 *** 0.2451 *** -0.5589 *** 0.0759
z *, ** and *** indicates significance at 5, 1 and 0.1% level, respectively.
Table 6   Coefficients of correlation between light environmental data 
(CDMPPFD, ODMPPFD, CDMCV and ODMCV ) in the 











z 169.4 a 60.6 a 59.5 a
B02z 407.6 ab 169.5 a 60.8 a 59.1 a
B03z 404.7 ab 163.8 c 61.8 ab 61.1 bc
I15z 404.3 ab 163.6 c 62.7 b 62.5 def
I14z 402.5 b 166.4 b 61.6 ab 59.8 ab
B01z 391.9 c 163.8 c 64.0 c 60.9 bc
C07z 387.5 cd 163.1 c 62.6 b 59.5 a
I12z 385.1 de 157.8 d 66.0 def 64.2 ghi
C05z 384.6 de 158.2 d 67.4 ghi 65.4 ijk
I10z 381.4 ef 158.0 d 67.1 fgh 64.1 ghi
I09z 380.9 ef 157.6 d 67.2 fgh 64.4 hij
C08z 379.3 efg 153.9 fg 64.9 cd 61.9 cde
I06z 378.4 fg 158.8 d 65.7 de 61.7 cd
C11z 378.1 fgh 153.5 fg 65.1 cde 63.2 efgh
B04z 377.1 fghi 158.0 d 66.2 efg 62.0 cde
C06z 377.0 fghi 149.8 hi 70.2 lm 69.6 l
B14z 376.6 fghi 158.5 d 65.7 de 61.2 cd
B13z 376.1 fghi 155.2 ef 68.5 ijk 65.5 jk
C03z 373.5 ghi 157.0 de 67.7 hij 63.0 efg
C12z 372.3 hi 147.4 j 72.2 n 72.4 m
B08z 371.5 i 153.9 fg 68.7 jk 65.1 ijk
I08z 360.6 j 150.9 h 70.4 lm 65.8 k
I11z 358.5 j 150.6 h 70.7 m 66.2 k
C04z 358.1 j 152.9 g 69.5 kl 63.5 fgh
I07z 355.9 j 150.9 h 70.9 m 65.3 ijk
B10z 355.5 j 150.5 h 68.7 jk 62.5 def
B12z 355.3 j 127.2 m 83.2 p 94.6 n
B09z 355.1 j 147.9 ij 73.4 o 69.0 l
B11z 355.0 j 137.8 l 70.2 lm 72.1 m
B05z 343.8 k 143.5 k 71.1 mn 65.2 ijk
z Different letters indicates significance at 5% level by 
Tukey's multiple range test.
Table 7   Comparisons of means of CDMPPFDs, ODMPPFDs, 
CDMCVs and ODMCVs of  the aggregate data from three 
types ( Bz, Cz and Iz) between  the different external 
















































z 169.4 a 60.8 a 59.4 ab
B02t 407.5 ab 170.0 a 60.7 a 58.8 a
I15t 406.3 ab 164.5 c 62.4 bc 62.0 defg
B03t 405.0 ab 164.1 c 61.7 abc 60.8 cd
I14t 403.3 b 166.9 b 61.4 ab 59.6 abc
C02t 389.8 c 164.2 c 64.0 de 60.7 bcd
I12t 386.4 cd 158.1 defg 65.8 fghi 64.1 hijk
B01t 386.1 cd 158.3 defg 67.4 jkl 66.9 m
C05t 385.4 cde 159.3 de 67.1 ijkl 64.8 jkl
C07t 384.4 cde 163.7 c 62.9 cd 59.2 a
I09t 381.9 def 158.2 defg 66.9 hijk 63.8 hij
I10t 381.7 def 157.2 fg 67.1 ijkl 64.3 ijk
I06t 380.8 defg 159.4 d 65.4 fg 61.6 def
C08t 379.3 efgh 153.6 ij 65.2 efg 62.3 efg
C11t 377.5 fghi 154.0 ij 64.9 ef 62.4 efg
B13t 377.4 fghi 156.2 gh 68.1 klm 65.1 kl
B14t 376.8 fghi 159.0 def 65.6 fgh 61.1 de
B04t 376.5 fghi 157.9 defg 66.5 ghij 62.3 efg
C06t 376.5 fghi 149.8 l 70.3 nop 69.5 n
C12t 374.9 ghi 147.6 m 71.8 q 72.3 o
C03t 373.2 hi 157.2 efg 67.6 jkl 62.9 fgh
B08t 373.0 i 154.5 hi 68.3 lm 64.8 jkl
I11t 360.1 j 151.0 kl 70.6 opq 66.0 lm
I08t 359.1 jk 150.8 kl 70.8 pq 66.0 lm
C04t 358.0 jkl 153.3 ij 69.4 mno 63.0 ghi
I07t 357.9 jkl 151.9 jk 70.4 nop 65.0 jkl
B11t 355.9 jkl 138.0 n 70.0 nop 72.1 o
B09t 353.7 kl 147.5 m 73.8 r 69.2 n
B10t 353.0 kl 149.6 lm 69.2 mn 63.0 ghi
B12t 352.3 l 126.7 o 83.8 s 94.9 p
z Different letters indicates significance at 5% level by 
Tukey's multiple range test.
Table 8   Comparisons of means of  CDMPPFDs, ODMPPFDs, 
CDMCVs and ODMCVs of  the aggregate from the three 











CSF19 10 431.0 a
z 170.0 a 57.8 a 60.4 cdefg
CSF20 10 414.0 ab 167.0 ab 60.2 abc 61.4 efg
CSF17 10 412.3 abc 166.8 abc 60.5 abcd 61.5 fg
CSF10 10 398.4 bcd 166.7 abcd 62.3 bcdefg 61.1 defg
CSF6 10 395.0 bcd 161.3 e 63.3 defgh 63.8 h
CSF2 10 393.0 bcde 163.1 cde 63.3 defgh 62.1 gh
CSF1 10 392.1 cde 162.9 de 63.2 cdefgh 62.0 gh
CSF17 10 386.6 def 164.9 bcde 63.5 efgh 60.0 bcdef
CSF8 10 385.6 defg 165.1 bcde 60.9 bcde 60.2 cdefg
CSF12 10 377.8 defgh166.8 abc 64.5 fgh 59.4 bcde
CSF9 10 372.0 efgh 163.7 bcde 65.6 h 59.6 bcdef
CSF15 10 367.0 fghi 166.9 abc 65.2 gh 58.1 ab
CSF13 10 364.9 ghi 166.7 abcd 63.9 fgh 59.2 abcd
CSF5 10 361.8 hi 164.8 bcde 59.9 ab 58.4 abc
CSF14 10 349.3 i 161.9 e 61.6 bcdef 57.3 a
z Different letters indicates significance at 5% level by Tukey's  
multiple range test.
Table 9   Comparisons of means of  CDMPPFDs,  ODMPPFDs, 
CDMCVs and ODMCVs of the aggregate data from the two 
types (Gz and Ez) between the different cross sections of 
foliage (CSFs). The CSFs refer to Fig. 2.
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４）単位葉層の違いによる影響
　輪状散在体のQz, Hz, Sz, VzおよびXzのそれぞれ5反
復データのうち，同じ単位葉層を有する樹冠形にグルー
プ化し，単位葉層グループ間の平均値多重比較を行った






















UF7 75 401.2 a
z 162.9 a 62.4 a 62.8 b
UF5 75 390.2 b 161.4 ab 64.0 ab 62.5 b
UF4 75 389.9 b 161.4 ab 64.2 bc 62.3 b
UF1 75 386.7 b 160.2 b 65.3 bcd 63.2 b
UF3 75 371.1 c 161.3 ab 65.9 cd 60.5 a
UF2 75 368.1 c 161.6 ab 66.2 d 60.6 a
UF6 75 358.8 d 157.9 c 68.3 e 60.7 a










UF7 75 387.8 a 161.8 a 64.4 a 62.2 b
UF5 75 380.1 ab 159.4 b 65.8 b 62.6 b
UF1 75 375.8 bc 155.8 c 67.6 c 64.8 e
UF4 75 372.4 bc 158.0 b 67.1 bc 62.8 bc
UF3 75 369.8 c 156.1 c 67.9 cd 63.6 cd
UF6 75 357.0 d 155.5 c 69.2 d 62.2 b
UF2 75 356.0 d 158.5 b 68.2 cd 60.3 a
UF8 75 336.2 e 149.8 d 73.2 e 64.4 de
z Different letters indicates significance at 5% level by   
Tukey's multiple range test.
Table 10   The upper part indicates comparisons of means of 
CDMPPFDs, ODMPPFDs, CDMCVs and ODMCVs of 
aggregate data from the  five types (Qz, Hz, Sz, Vz and 
Xz) between different unit foliages (UFs). The lower 
part indicates comparisons of means of  CDMPPFDs, 
ODMPPFDs, CDMCVs and ODMCVs of aggregate data 
from the five types (Zz, Fz, Tz, Wz and Yz) between 










72 200 382.5 a
z
160.5 a 65.4 a 62.8 a
120 200 371.5 b 158.2 b 67.0 b 62.7 a










144 200 380.3 a 380.3 a 66.1 a 63.2 a
90 200 364.3 b 364.3 b 68.2 b 62.7 a
120 200 356.0 c 356.0 c 69.4 c 62.7 a
z Different letters indicates significance at 5% level by 
Tukey's multiple range test.
Table 11   The upper part indicates comparisons of means of 
CDMPPFDs, ODMPPFDs, CDMCVs and ODMCVs of 
aggregate data from the five types (Qz, Hz, Sz, Vz and 
Xz) between the different intervals of circulating angle 
(βs). The lower part indicates comparisons of means of 
CDMPPFDs, ODMPPFDs, CDMCVs and ODMCVs of 
aggregate data from the five types  (Zz, Fz, Tz, Wz and 
Yz) between the different intervals of binding angle (γs).
形にグループ化し，回転角度間隔グループ間の平均値多
重比較を行った（第11表上）．また，らせん状散在体の






















































































Deviation in arrangement direction of UF only (Hz type) 120 389.0 a
z
161.9 a 64.4 a 62.5 b
“Deviation”
y
 and randomness in dimension of UF (Vz type) 120 381.7 ab 160.1 ab 65.5 a 63.0 b
“Deviation” and randomness in inclination angle of UF (Sz type) 120 378.3 b 161.2 a 65.8 a 61.3 a
“Deviation” and randomness in both the dimension and inclination angle (Xz type) 120 368.6 c 153.5 c 68.5 b 65.4 c
No “Deviation” and no randomness (Qz type) 120 356.8 d 158.8 b 68.3 b 60.8 a









Deviation in arrangement direction of UF only  (Zz type) 120 370.9 a 158.5 a 67.5 a 62.8 ab
“Deviation” and randomness in inclination angle of UF (Tz type) 120 369.9 a 156.7 ab 67.7 a 63.4 bc
“Deviation” and randomness in dimension of UF (Wz type) 120 367.3 ab 157.6 a 67.6 a 62.4 a
“Deviation” and randomness in both the dimension and inclination angle (Yz type) 120 365.9 ab 155.3 b 68.4 a 63.6 c
No “Deviation” and no randomness (Fz type) 120 360.6 b 157.3 a 68.3 a 62.2 a
z Different letters indicates significance at 5% level by Tukey's multiple range test.
y Deviation in arrangement direction of UF.
Table 12   Comparisons of means of  CDMPPFDs,  ODMPPFDs, CDMCVs and ODMCVs  between  the different kinds of randomness of the foliage 
distribution in the ring scattering types (upper) and that in  the spiral scattering types (lower). 
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Uniform leaf density distribution (X)
Weak leaf density distribution (Y)
R
2 Uniform leaf density distribution (X)
Strong leaf density distribution (Y)
R
2
CDMPPFD Y=1.014X-4.140 0.999 CDMPPFD Y=1.01X-3.022 0.999
ODMPPFD Y=0.986X-0.017 0.998 ODMPPFD Y=0.974X+1.039 0.995
CDMCV Y=1.013X-1.169 0.999 CDMCV Y=1.008X-0.934 0.999
ODMCV Y=1.010X+0.563 0.988 ODMCV Y=1.004X+1.384 0.996
B
Middle level  of leaf density (X)
Low level  of leaf density (Y)
R
2 Middle level  of leaf density (X)
High level  of leaf density (Y)
R
2
CDMPPFD Y=0.917X+74.16 0.991 CDMPPFD Y=1.035X-51.44 0.991
ODMPPFD Y=0.803X+42.31 0.915 ODMPPFD Y=1.006X-21.01 0.976
CDMCV Y=0.797X+5.369 0.991 CDMCV Y=1.179X-4.756 0.991
ODMCV Y=0.669X+20.75 0.813 ODMCV Y=1.278X-10.84 0.978
C
Middle grid size (X)
Small grid size (Y)
R
2 Middle grid size (X)
Large grid size (Y)
R
2
CDMPPFD Y=0.921X+89.04 0.987 CDMPPFD Y=1.011X-49.07 0.990
ODMPPFD Y=0.809X+50.95 0.902 ODMPPFD Y=0.94X-17.78 0.970
CDMCV Y=0.766X+5.782 0.987 CDMCV Y=1.172X-4.422 0.991










CDMPPFD Y=0.787X+16.05 0.998 CDMPPFD Y=0.953X+0.9503 0.999
ODMPPFD Y=0.801X+3.338 0.979 ODMPPFD Y=0.999X+1.277 0.997
CDMCV Y=0.956X+6.997 0.997 CDMCV Y=0.976+1.405 0.991








CDMPPFD Y=1.071X-34.94 0.997 CDMPPFD Y=0.974X-4.938 0.999
ODMPPFD Y=1.05X-11.43 0.993 ODMPPFD Y=1.091X-10.32 0.973
CDMCV Y=1.098X-4.237 0.998 CDMCV Y=1.035X-0.178 0.999
ODMCV Y=1.109X-6.194 0.989 ODMCV Y=1.062X-8.953 0.960
Table 13   Coefficients of determination (R2) and formulas of  regression lines of the simulation results of CDMPPFD, ODMPPFD,  CDMCV 
or ODMCV using the 528 kinds of 3-d array data for leaf block distribution between different assumptions, namely leaf density 
distribution (A), level of leaf density (B), grid size (C) and cultivars (D).
Fig. 9   Part A indicates relations between CDMPPFDs (μE・m-2・s-1) 
from the uniform distribution of leaf density (X) and that from 
the weakly unequal distribution (Y). Part B indicates relations 
between CDMPPFDs from the middle leaf density (X) and 
that from the high leaf density (Y). Part C indicates relations 
between CDMPPFDs from the middle size of grid (X) and 
that from the large size of grid (Y). Part D indicates relations 
between CDMPPFDs from apple ‘Fuji’ (X) and that from pear 
‘La France’ (Y). 
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